From an evolutionary perspective, one should be more sensitive when outgroup members attack the ingroup but less so when ingroup or outgroup members fight among themselves. Indeed, previous behavioral and neuroimaging research demonstrated that people show greater sensitivity for the suffering of ingroup compared with outgroup members. However, the question still remains whether this is always the case regardless of who is the agent causing the harm. To examine the role of agency and group membership in perception of harm, 48 participants were scanned while viewing ingroup or outgroup perpetrators intentionally harming ingroup or outgroup members. Behavioral results showed greater moral sensitivity for ingroup versus outgroup victims, but only when the perpetrator was from the outgroup. In support of this finding, fMRI data showed greater activity in left orbitofrontal cortex (OFC) for ingroup victims when they were harmed by outgroup individuals. In addition, effective connectivity analyses documented an increased coupling between left OFC and left amygdala and insula for ingroup harm, when the perpetrator was from the outgroup. Together these results indicate that we are highly sensitive to harm perpetrated by outgroup members and that increased sensitivity for ingroup victims is dependent on who is the agent of the action.
Introduction
Previous neuroscience research has shown that people experience greater sensitivity for the suffering of ingroup compared with outgroup members (Xu et al. 2009; Gutsell and Inzlicht 2010; Hein et al. 2010; Cheon et al. 2011; Cikara, Botvinick et al. 2011; Gutsell and Inzlicht 2012; Azevedo et al. 2013) . From an evolutionary perspective, this makes sense, given the importance of one's own group for survival, wellbeing, and reproduction (Caporael 2001; Cottrell and Neuberg 2005; DeWall et al. 2011; Dunbar 2011; Jetten et al. 2012 ). The present research examines a potentially important limitation to this effect however, such that the group membership of the perpetrator is an important factor in how we perceive suffering for ingroup (vs. outgroup) victims.
Past research has shown that moral sensitivity is influenced not only by "who" is suffering but also by "how" the harm is caused (Young and Saxe 2009) . For example, found that intentional harm caused to others was rated much higher on a moral sensitivity scale and elicited greater activation in neural regions implicated in moral cognition and empathy (i.e., orbitofrontal cortex (OFC), insula, and amygdala) than harm accidently caused. In addition, the distinction between intentional and accidental harm is a very fast process as demonstrated by a study using high-density EEG/ERP recordings (Decety and Cacioppo 2012) . Current source density maxima in the right pSTS, as fast as 62 ms post-stimulus, first distinguished intentional versus accidental actions. Later responses in the amygdala (122 ms) and OFC (182 ms), respectively, were evoked by the perception of intentional (but not accidental) harmful actions, indicative of fast information processing associated with early stages of moral sensitivity. These studies thus suggest that we are specifically sensitive to harm caused intentionally.
However, to date no functional neuroimaging study has investigated how moral sensitivity is influenced by the group membership of the perpetrator in the context of intentional harm caused to either an ingroup or outgroup member. Therefore, the aim of this study was to investigate whether participants show increased moral sensitivity for intentional harm caused to ingroup versus outgroup members, irrespective of the group membership of the perpetrator, or whether sensitivity is affected by "who is responsible" for the suffering. Even children from the age of 3, after introduction to novel groups, predict that agents from a group are more likely to harm members of the other group rather than their own (Rhodes 2012) . This suggests that moral sensitivity is influenced by group membership early on. We predicted that participants would be most sensitive to harm caused by outgroup members on ingroup members, given that this often poses an immediate threat to the survival of their own group, whereas most of the time the stakes are not as high when ingroup or outgroup members fight among themselves. In particular, it was expected that participants who show more behavioral ingroup bias (i.e., higher ratings of moral sensitivity for outgroup vs. ingroup perpetrators) would also show increased activation in brain areas involved in moral sensitivity when ingroup members are being intentionally harmed by outgroup members.
In the current study, we were particularly interested in moral sensitivity rather than complex moral reasoning. Moral sensitivity happens prior to moral reasoning in that it refers to the detection and interpretation of a moral issue or situation. This interpretative awareness is the first component of ethical decision-making in that it gives rise to the need to make a moral judgment or select a moral action (Robertson et al. 2007 ). The psychology of morality has typically been associated with complex abstract moral reasoning. However, automatic affective processes can be equally important in moral cognition depending on the situation (Greene and Haidt 2002; Moll et al. 2007; Greene et al. 2008; Young and Dungan 2012) . As such our process of moral sensitivity is more closely related to the concept of emotional responsiveness, in which people respond to the suffering of others by vicariously sharing the affective components of their pain (Singer et al. 2004; Xu et al. 2009 ), rather than complex moral decision-making. However, our paradigm also differs from emotional responsiveness in that a clear moral component is involved because the harm to the victim is caused in a malicious intentional way. According to the social intuitionist model (Haidt 2001 ), when we witness a morally laden action, we instantly have a feeling of approval or disapproval. These feelings appear suddenly and effortlessly without much cognitive effort, and the moral reasoning is usually a post hoc construction of these quick, automatic evaluations (Haidt 2001) . It is this process of fast reaction that is investigated in this study rather than the complex moral reasoning that follows.
Moral cognition as a whole is not associated with a single region (Bzdok et al. 2012) . Instead, complex processes that subserve morality are distributed across the brain and are highly dependent on the modality of the stimuli and processes involved (Moll et al. 2003; Zahn et al. 2011; Young and Dungan 2012) . Neuropsychological observations with patients with brain damage, as well as fMRI studies in healthy individuals, have shown that some areas are consistently involved in moral cognition (Moll et al. 2005) . However, it also appears that these circuits are not unique to morality; instead, they appear to be systems and regions involved in specific motivational, cognitive, and emotional processes (Greene and Haidt 2002; . These circuits emerge and become connected throughout development to allow for adaptive social behavior (Decety and Howard 2013) .
One of the brain regions most consistently involved in moral cognition is the orbitofrontal/ventromedial prefrontal cortex (OFC; Moll et al. 2005; Blair et al. 2006; Moll et al. 2007; . Neuroimaging studies have consistently found this region activated by tasks that involved a moral situation (Farrow et al. 2001; Moll, de Oliveira-Souza, Eslinger et al. 2002; Moll et al. 2006; Cikara et al. 2010; Decety and Porges 2011; Molenberghs et al. 2014 ). In addition, damage to the OFC can lead to acquired sociopathy (Eslinger and Damasio 1985; Blair and Cipolotti 2000) and an inability to recognize inappropriate social behavior (Stone et al. 1998; Ciaramelli et al. 2007 ). Finally, psychopaths who are characterized by a lack of empathy, remorse, and little appreciation of moral wrongdoing have functional and anatomical dysfunctions in the OFC/vmPFC (Anderson and Kiehl 2012; .
Interestingly, meta-analyses on the OFC focusing on neuroimaging and neuropsychological studies found that the medial part of the OFC is related to monitoring the reward value of many different reinforcers, whereas lateral OFC is related to the evaluation of punishers, which may lead to a change in ongoing behavior (Kringelbach and Rolls 2004; Berridge and Kringelbach 2013) . So, it seems that the OFC plays an important role in linking certain behaviors and stimuli with either their associated, internalized positive (medial OFC) or negative (lateral OFC) value. This suggests that the OFC is automatically linking social-emotional responses contingent on reward and punishment, as is the case in moral sensitivity. We therefore predicted that increased activity in the lateral OFC will be associated with increased moral sensitivity to transgressions, such as intentional harm-doing.
To investigate the extent to which the neural mechanisms underpinning moral sensitivity are influenced by group membership of the victim and perpetrator, we made use of preexisting university groups. These 2 groups were the University of Queensland (UQ) and Queensland University of Technology (QUT), which are 2 competing universities in the city of Brisbane, Australia. To measure moral sensitivity, participants watched video clips of ingroup and outgroup members intentionally harming each other while undergoing fMRI. It was predicted that participants would show increased moral sensitivity, as evidenced by behavioral ratings and increased activation in the lateral OFC, for the ingroup victim when the perpetrator was from the outgroup, but not when the perpetrator was from the ingroup.
Materials and Methods
Participants Forty-eight UQ students (24 females, mean age = 22.2 years, SD = 5.3 years) completed the experiment. Participants were paid $30 for their time. All participants gave written informed consent. The study was approved by the Ethical Review Committee of the University of Queensland.
Group Identification
Group identification was assessed by presenting participants with 2 statements: "I identify myself as a UQ student" and "I identify myself as a QUT student." The 2 items were rated on a 7-point Likert-type scale (7 = totally agree, 1 = totally disagree) with higher scores indicating greater identification. Because we wanted to make sure that people identified more with the ingroup than with the outgroup, only participants who identified more with UQ than QUT were invited to take part in the fMRI experiment. Participants who did not identify more with UQ than QUT were replaced by others.
Functional MRI Experiment
Participants were screened using an MRI safety checklist and shown a brief demonstration of the experiment on a laptop. The demonstration ensured participants correctly understood how to perform the task. The experimental stimuli were based on stimuli showing a person causing intentional harm to another person, validated by . However, group membership was incorporated as an extra manipulation, through the use of jumper color. Half of the participants were told that the people in the video clips wearing red jumpers were from the ingroup (UQ students) whereas the people in the green jumpers were from the outgroup (QUT students). The other half were told that green was the ingroup color, so that color was counterbalanced across participants. This information was made explicit at the beginning of each run. In reality, the people in the video clips were actors that did not necessarily belong to either group. The faces of the actors were not shown to make sure participants would not recognize the actors. Sixteen series of dynamic visual stimuli, each consisting of 3 digital color images, were created for each condition (Fig. 1 ). They were presented in a successive manner to imply motion with each image made the same size of 600 × 480 pixels. The images depicted actions of 1 person intentionally harming another person or corresponding actions of 2 people interacting in a peaceful manner. The durations of the first, second, and third images in each series were 800, 200, and 800 ms, respectively, followed by the fixation dot for a further 700 ms. E-prime2 software (Psychology Software Tools, Inc.) was used to present the stimuli.
The experimental stimuli were categorized by perpetrator (ingroup or outgroup perpetrator) and victim (ingroup or outgroup victim) creating 4 intentional harm conditions: a perpetrator from the ingroup attacking a victim from the ingroup (PIVI), a perpetrator from the ingroup attacking a victim from the outgroup (PIVO), a perpetrator from the outgroup attacking a victim from the ingroup (POVI), and a perpetrator from the outgroup attacking a victim from the outgroup (POVO). Corresponding control conditions showing 2 people interacting peacefully were also presented: ingroup member interacting with ingroup member (CII), ingroup member interacting with outgroup member (CIO), outgroup member interacting with ingroup member (COI), and outgroup member interacting with outgroup member (COO). In addition, a baseline condition was included during which a white fixation dot was presented on a black background for the same length of time (10 s) as the dynamic image series.
The experiment ran for a total of approximately 35 min and consisted of 5 functional runs (6 min each) and a structural scan (5 min) acquired after the third run. The 5 runs each consisted of 32 active blocks and 4 baseline blocks. During each active block, 4 stimuli series from the same condition were pseudo randomly presented (such that each stimulus only occurred once per run). This occurred 4 times per run for each condition, such that all 16 stimuli series were presented. This occurred for all 8 conditions. The series lasted 2500 ms each, meaning each block lasted 10 s. The 4 baseline blocks consisted of the fixation dot remaining on the screen for the 10-s block duration. To reduce potentially confounding neural activation associated with motor activity, no overt response was required ). Instead, participants were instructed to watch the stimuli carefully and eye movements of participants were tracked throughout the experiment using an ASL 600 (Applied Science Laboratories) to ensure they were attending to the stimuli throughout the experiment. When participants were not focusing sufficiently on the stimuli during a particular run, this run was repeated.
fMRI Image Acquisition fMRI data were acquired using a 3-Tesla Siemens MRI Scanner with a 32-channel head volume coil and a gradient echo planar imaging (EPI) sequence with the following parameters: repetition time (TR) 3 s; echo time (TE) 30 ms; flip angle (FA) 90°, 64 × 64 voxels at 3 mm 2 in-plane resolution. Whole-brain images were generated every 3 s, and 127 images were acquired during each functional run. The first 4 images from each functional run during which no stimuli were presented were removed from the analysis to allow for steady-state tissue magnetization. A three-dimensional high-resolution T1-weighted image covering the entire brain was acquired after the second run for anatomical reference (TR = 1900, TE = 2.32 ms, FA = 9°, 192 cubic matrix, voxel size = 0.9 cubic millimeter, slice thickness = 0.9 mm).
Post-Scan Ratings
The post-scan ratings were administered electronically using E-prime2 software. Participants were shown 64 stimuli depicting a person harming another (i.e., 16 for each condition: PIVI, PIVO, POVI, and POVO) in random order. Each scenario was followed by 6 items designed to assess the participants' feelings of moral sensitivity toward the victim. The 6 items were as follows: 1) "I feel very sad for the victim," 2) "I feel very angry about what happened," 3) "I feel very disgusted about what happened," 4) "I feel very upset about what happened," 5) "I think the perpetrator was very mean to the victim," 6) "If it was up to me, I would punish the perpetrator." The items remained on the screen until the participant responded. Post-scan items were rated on a 7-point Likert-type scale (1 = totally disagree, 4 = neutral, and 7 = totally agree) thereby, higher ratings indicated greater feeling of moral sensitivity toward the victim.
A factor analysis using principal component analysis with Varimax rotation revealed that all 6 items loaded on the same factor which explained 74.8% of the variance. Sad (0.89), angry (97), disgusted (0.91), upset (0.97), mean (0.78), and punish (0.63) all had high factor loadings. There could also have been a possibility that the effect of perpetrator group membership was not similar across all 6 items on the moral sensitivity questionnaire. For example, the difference for POVI and POVO might have been larger for "I feel very sad for the victim" but smaller for "I feel very disgusted for the victim." Therefore, to ensure that the difference between the PIVO and PIVI ( perpetrator ingroup) and the POVI and POVO ( perpetrator outgroup) conditions was not significantly different for the 6 questions, the difference score was calculated for PIVO and PIVI and also for POVI and POVO. These difference scores across the 6 questions for when the perpetrator was in the ingroup and for when they were in the outgroup were then run in 2 separate repeated-measures ANOVAs. These tests were non-significant for both ingroup, F 1, 47 = 0.17, P = 0.680, and outgroup, F 1, 47 = 0.21, P = 0.652, perpetrators. This suggests that there was no significant difference across the 6 items neither when the perpetrator was in the ingroup nor when the perpetrator was in the outgroup. Together with the results from the factor analysis, this meant the average ratings of the 6 items for each condition could be combined as 1 measure of moral sensitivity for all participants. These scores were then averaged for the 4 conditions to give a total score for each condition (PIVI, PIVO, POVI, and POVO). This was considered as the level of moral sensitivity experienced by participants in that condition.
fMRI Data Analyses
The fMRI data were analyzed using SPM8 software (Wellcome Department of Imaging Neuroscience, Institute of Neurology) implemented in Matlab (Mathworks, Inc.). For the first-level analyses, all EPI images were realigned to the first image of each run to offset any effects of head movements. The T1-weighted anatomical scan was then coregistered to the mean functional image created during realignment. Using segmentation, the coregistered anatomical scan was then normalized with a voxel size of 1 × 1 × 1 × mm to the MNI T1 standard template (Montreal Neuropsychological Institute). Following this, the same parameters were used to normalize all of the EPI images using a voxel size of 3 × 3 × 3 mm to map onto the template. The images were then smoothed with a 6-mm isotropic Gaussian kernel. Following these procedures, a general linear model was created for every participant.
Regions showing significant BOLD changes were identified by a block design with a 10-s duration time-locked to the onset of the trial. This was done for all 8 conditions.
At the second level analyses, contrast images for each of the conditions minus the baseline were created and included in a 2 (harm: intentional (PIVI + PIVO + POVI + POVO)) vs. control (CII + CIO + COI + COO)) × 2 (victim: ingroup (PIVI + POVI + CII + COI) vs. outgroup (PIVO + POVO + CIO + COO)) × 2 ( perpetrator: ingroup (PIVI + PIVO + CII + CIO) vs. outgroup (POVI + POVO + COI + COO)) design. Because, in this model, the control conditions did not include victims and perpetrators, additionally 2 extra 2 × 2 factorial designs were created. One analysis focused on the harm conditions: 2 (victim: ingroup (PIVI + POVI) vs. outgroup (PIVO + POVO)) × 2 ( perpetrator: ingroup (PIVI + PIVO) vs. outgroup (POVI + POVO)). A second analysis focused on the control conditions: 2 ( passive actor: ingroup (CII + COI) vs. outgroup (CIO + COO)) × 2 (active actor: ingroup (CII + CIO) vs. outgroup (COI + COO)). Significant main effects or interactions in any of the models were subsequently followed up with pairwise comparisons, where appropriate. Following this, a series of regression analyses were conducted between differences in brain activity between conditions and post-scan behavioral measures.
It was expected that participants who had a larger ingroup bias (i.e., those who scored higher on moral sensitivity for the ingroup vs. outgroup victim) would show greater moral sensitivity-related brain activation for this contrast. The difference score for moral sensitivity for ingroup and outgroup victims ((PIVI + POVI) − (PIVO + POVO)) was calculated such that a positive score indicated greater moral sensitivity for the ingroup. The data were then entered into a multiple regression analysis with the ingroup victim (PIVI + POVI) minus outgroup victim (PIVO + POVO) contrast using SPM8. A similar correlation analysis was run for the POVI minus POVO and PIVI minus PIVO contrast with again positive scores indicating greater moral sensitivity for the ingroup. Significant activation for all contrasts was defined at a cluster-level or voxel-level threshold with an FWE or FDR rate of P < 0.05 corrected for the whole brain, with clusters defined by a voxel-level probability threshold of P < 0.001 and a minimum cluster size of 20 voxels.
fMRI Follow-Up Analysis Based on the significant activation in the left OFC in some of the correlation analysis, the main intentional harm minus control contrast was then further examined using Region of Interest (ROI) analysis in the left OFC (anatomically defined by the WFU PickAtlas, http://www.fmri .wfubmc.edu/cms/software). Subsequently, the percent signal change was extracted for all intentional harm conditions from each individual participant. This was extracted from a 6-mm sphere around the peak coordinate identified in the left OFC ROI analysis. The percent signal score was then used to examine the difference in percent signal change in the left OFC for ingroup compared with outgroup victims when the perpetrator was from the outgroup (POVI minus POVO) versus ingroup compared with outgroup victims when the perpetrator was from the ingroup (PIVI minus PIVO). The same was done for the control condition (COI minus COO) minus (CII minus CIO).
In addition, effective connectivity analysis using psychophysiological interaction (PPI) was performed to estimate functional coupling between a source (seed in left OFC) and target regions of interest (left amygdala and left insula) for the POVI minus POVO contrast. Psychophysiological interaction analysis assesses the hypothesis that activity in a brain region can be explained by an interaction between a cognitive process and activity in another part of the brain. The amygdala and insula (anatomically defined by the WFU PickAtlas) in the same hemisphere were chosen a priori for the strong reciprocal connections each hold with the OFC, specifically in relation to emotions (Kringelbach and Rolls 2004). The selection of left OFC as the PPI source region was based on its significant involvement in the correlation analysis and intentional harm minus control contrast.
Activity within left OFC was used as the physiological regressor in the PPI analysis. The individual time series for the left OFC was obtained by extracting the first principal component from all raw voxel time series in a sphere (6-mm radius) centered around the peak coordinate identified in the intentional harm minus control contrast. These time series were mean-corrected and high-pass-filtered to remove lowfrequency signal drifts. POVI minus POVO was the psychological regressor. The psychological variable used was a vector coding for the specific task (1 for POVI, −1 for POVO) convolved with the hemodynamic response function. A third regressor in the analysis represented the interaction between the first and second regressors. The physiological factor was multiplied with the psychological factor to constitute the interaction term.
Psychophysiological interaction analyses were carried out for each subject involving the creation of a design matrix with the interaction term, the psychological factor and the physiological factor as regressors. Subject-specific contrast images were then entered into random-effects group analyses. A PPI analysis was then conducted to identify whether left insula and left amygdala showed a significant increase in functional coupling with left OFC during POVI relative to POVO. Significant activity for the ROI analyses was defined by a voxel-level threshold with an FWE of P < 0.05 corrected for the size of the cluster.
Results

Group Identification
A paired-samples t-test indicated that participants identified more as a UQ student (M = 6.48, SE = 0.12) than a QUT student (M = 1.58, SE = 0.16), t 47 = 22.54, P < 0.001.
Manipulation Check
To investigate whether our paradigm was effective in creating the desired states, we performed a one-sample t-test for all 6 post-scan measures (i.e., sad, angry, disgusted, upset, mean, and punish). If the manipulation was effective, participants' responses should indicate a score higher than 4 (i.e., neutral condition). The results indicated that sad (M = 4.64, SE = 0.13; t = 7.43), angry (M = 4.52, SE = 0.14; t = 3.53), disgusted (M = 4.40, SE = 0.17; t = 2.36), upset (M = 4.39, SE = 0.16; t = 2.53), mean (M = 5.13, SE = 0.11; t = 9.81), and punish (M = 4.53, SE = 0.14; t = 3.47) all had scores significantly higher than 4 (all P < 0.05).
Behavioral Results
A two-way repeated-measures ANOVA revealed no significant main effect of perpetrator in the levels of moral sensitivity ( perpetrator ingroup, PIVI and PIVO, M = 4.64, SE = 0.13 vs. outgroup, POVI and POVO, M = 4.68, SE = 0.12), F 1, 47 = 1.98, P = 0.166, η p 2 = 0.04. There was a significant main effect of victim with increased moral sensitivity for the ingroup victim (POVI and PIVI, M = 4.71, SE = 0.12) compared with outgroup victim (POVO and PIVO, M = 4.61, SE = 0.13), F 1, 47 = 5.82, P = 0.020, η p 2 = 0.11. Importantly, there was a significant interaction, F 1, 47 = 10.65, P = 0.002, η p 2 = 0.19. This point is further highlighted in Figure 2 , where increased moral sensitivity for ingroup victims is only manifested when the perpetrator is from the outgroup. Follow-up paired t-tests revealed more moral sensitivity when the perpetrator was from the outgroup for the ingroup victim (POVI, M = 4.78, SE = 0.12) versus outgroup victim (POVO, M = 4.57, SE = 0.13), t 47 = −3.23, P = 0.002, but equal sensitivity when the perpetrator was from the ingroup (PIVI, M = 4.64, SE = 0.13 vs. PIVO, M = 4.64, SE = 0.13), t 47 = 0.06, P = 0.952.
fMRI Results A significant main effect was found for the harm factor. The intentional harm (PIVI, PIVO, POVI, and POVO) conditions produced greater activation in the action-observation network extending into occipital, parietal, and premotor areas (Caspers et al. 2010 ) compared with the control (CII, CIO, COI, and COO) conditions. More specifically for moral sensitivity, additional activation was also found in OFC, insula, and amygdala (Moll et al. 2005; , which suggests that the experimental manipulation was effective (Fig. 3 and Table 1 ). No other main effects or interactions were significant after corrections for multiple comparisons at the whole-brain level.
fMRI Correlation Analysis A significant positive correlation was found between differences in activation for the victim ingroup minus victim outgroup ((PIVI + POVI) − (PIVO + POVO)) contrast and corresponding moral sensitivity difference scores, in the left OFC (−36, 44, −14; Z = 4.65; extent = 35; P FWE voxel-level corrected = 0.027; Fig. 4A) . A similar significant positive correlation was also found for the POVI minus POVO contrast in the left OFC (−33, 44, −14; Z = 4.65; extent = 92; P FWE voxel-level corrected = 0.042; Fig. 4B ). No significant correlation was found for the PIVI minus PIVO contrast, indicating that differences in activation were not associated with victims' group membership when the perpetrator was from the ingroup. The same correlation analyses for the control condition ((CII + COI) − (CIO + COO), COI minus COO and CII minus CIO) revealed no significant results, even if we restricted our analysis to the left OFC (anatomically defined by the WFU PickAtlas) and used a voxellevel threshold of 0.05. Table 1 for the intentional harm minus control contrast, shown on transversal slices with numbers above each slice representing Z coordinates in MNI space. L corresponds to left and R to the right side of the brain. Activations are displayed on a ch2better template using MRIcron software.
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Region of Interest Analysis
Considering the activation seen in the left OFC and the importance of this region in moral cognition, change in activity in this region was further explored using ROI analysis. The intentional harm conditions showed greater activation in the left OFC compared with the control conditions (−36, 23, −14; Z = 4.31, k = 133, FWE = 0.001; red in Fig. 5A) . A follow-up paired t-test found a higher difference in percent signal change in this OFC region (blue in Fig. 5A ) when the perpetrator was from the outgroup (POVI minus POVO) compared with when the perpetrator was from the ingroup (PIVI minus PIVO), t 47 = 2.15, P = 0.036 (Fig. 5B) . The same comparison, of the interaction effect, for the control condition (COI minus COO compared with CII minus CIO) revealed a non-significant result (47) = 0.88, P = 0.38.
In addition, effective connectivity analyses showed increased coupling between the left OFC and left insula (−39, −1, −11; Z = 3.70; extent = 146; P FWE = 0.021; Fig. 6A ) and left amygdala (−30, −4, −17; Z = 2.86; extent = 22; P FWE = 0.036; Fig. 6B ) for the POVI minus POVO contrast. No other areas showed increased connectivity with left OFC for this contrast at the whole-brain level.
Discussion
Evolution has tailored the brain to be sensitive to signs of suffering of others, and the neural mechanisms that process such signals are modulated by interpersonal relationships and group membership, with a clear bias for increased sensitivity for ingroup suffering (for reviews, see Hein and Singer 2008; Cheon et al. 2010; Chiao and Mathur 2010; Decety and Svetlova 2012; Eres and Molenberghs 2013; Molenberghs 2013) . Indeed, work in social psychology and social neuroscience has demonstrated that individuals with normal empathic capacity frequently fail to respond to another's suffering if they belong Figure 5 . (A) Significant left OFC activation (in red) in the intentional harm minus control contrast displayed on a ch2better template using MRIcron. The blue area depicts the 6-mm sphere around the peak coordinate from which the percent signal change was extracted and which was used for the PPI analysis. (B) Percent signal change difference in left OFC between ingroup versus outgroup victim, when the perpetrator was from the outgroup (POVI minus POVO) compared with when the perpetrator was from the ingroup (PIVI minus PIVO). *P < 0.05.
to the other group and can even feel schadenfreude when experienced with the suffering of an outgroup member (Cikara, Botvinick et al. 2011; Cikara, Bruneau et al. 2011 ). The present study reveals an important moderator of moral sensitivity to transgressions; however, when an outgroup transgressor attacks an ingroup victim, special sensitivity may be evoked. Specifically, in our study, we manipulated, for the first time, the group membership of both the victim and the perpetrator of harm. In line with previous work, we found increased activation in brain areas involved in moral cognition such as the OFC, amygdala, and insula when viewing actions that caused intentional harm to others (Cheng et al. 2010; Decety and Michalska 2010; Coaster et al. 2011; Molenberghs et al. 2014) . Importantly, the behavioral results confirmed the hypothesis that participants only feel greater moral sensitivity for the suffering of an ingroup (vs. outgroup) victim when the perpetrator is from the outgroup. Indeed, when the perpetrator was from the ingroup, the level of moral sensitivity was the same for an ingroup versus outgroup victim. Previous results have shown that attacks on the ingroup by outgroup members, such as the "9/11" attacks, can result in extreme outgroup derogation (Oswald 2005) . Our results show similarly that the greatest moral sensitivity is for outgroup threats to the ingroup (POVI) and that we care less for outgroup victims when they are fighting among themselves (POVO). This makes sense given that in the latter case, there is no immediate threat to the survival of the ingroup and we do not feel responsible for the violence inflicted on the outgroup victim. However, when an ingroup member is responsible for the violence inflicted on an outgroup member (PIVO), we may feel responsible for the suffering of the outgroup victim and to a similar degree as an ingroup victim (PIVI).
The fMRI results showed a similar increase in moral sensitivity as evidenced by heightened activation in left OFC for the ingroup versus outgroup victim contrast when the perpetrator was from the outgroup compared with the same contrast when the perpetrator was from the ingroup (Fig. 5) . This increased response in left OFC was predicted by the amount of behavioral ingroup bias in moral sensitivity difference scores (Fig. 4) . These data suggest that the lateral OFC plays a role in responding to outgroup threats to the ingroup. The important role of the OFC in moral cognition in adults is in line with our previous work that used similar intentional harm scenarios (Decety and Michalska 2010; . The lateralization of the activation of the OFC activation also fits well with a meta-analysis on the OFC done by Berridge and Kringelbach (2013) , in which they show that lateral OFC monitored learning and memory of displeasure and punishers.
No other brain areas showed a differential activation between the 4 harm conditions. However, the effective connectivity analysis, which assesses functional coupling between a particular ROI and other brain areas, did show increased connectivity between the left OFC and the insula and amygdala in the same hemisphere for the POVI minus POVO contrast. This suggest that an augmentation in hemodynamic response in OFC for the POVI minus POVO contrast is subserved by an increased coupling between the brain areas involved in more basic components of moral sensitivity such as the amygdala and insula.
Although the intentional harm condition significantly activated both the left and right OFC more than the control condition, our correlation analysis with the moral sensitivity behavioral measurers only found a significant correlation with the left OFC. It is not clear whether this laterality is specific for outgroup threats; however, previous studies have suggested that especially the left lateral OFC is important for the suppression of threats in decision-making (Bishop et al. 2004; Beer et al. 2006; Cikara et al. 2010) . Given that outgroup attacks provide a clear threat for the survival of the ingroup, the left OFC might have evolved as an early suppression signal to influence automatic moral sensitivity through its connectivity with the insula and amygdala.
This OFC activation, in turn, would provide regulation and learning through negative reinforcement (Kringelbach and Rolls 2004; Berridge and Kringelbach 2013) , which would allow for more efficient decision-making. Our theorizing is in line with a recent fMRI study by who found that older participants (compared with younger ones) showed more activity in the OFC in response to intentional harm. In addition, adults showed increased functional connectivity between the OFC and amygdala compared with the early childhood group, suggesting that negative emotional alerts are better regulated in older adults ). This increased link between OFC and amygdala with increasing age fits well with the Integrated Emotions Systems model which states that the emotional learning system is mediated by the amygdala, which in turn provides information to a system for decision-making, on the basis of reinforcement expectations, which is mediated by the OFC (Blair 2009 ).
The fact the mPFC was not involved in our study, although this region is often involved in moral cognition (Moll et al. 2003 (Moll et al. , 2007 , might not be that surprising given that our study focused on moral sensitivity rather than complex moral reasoning. Also, in a recent fMRI study, found that participants, who showed reduced mPFC activation in response to descriptions of their own moral behaviors while competing in a group, were more willing to harm competitors. This suggests that when people act in a group situation, as in our study, reduced mPFC activation might actually lead to increased moral discomfort and a willingness to punish others.
Our study was also slightly different than some of the previous neuroimaging studies that have investigated the effect of group membership on watching others suffer, in that in our Figure 6 . Psychophysiological analysis. Significant increased connectivity between left OFC and (A) left insula and (B) left amygdala for the ingroup versus outgroup victim, when the perpetrator was from the outgroup (POVI minus POVO) contrast displayed on a ch2better template using MRIcron.
Cerebral Cortex January 2016, V 26 N 1 231 study, the harmful behavior was clearly malicious and immoral. For example, in the study by Xu et al. (2009) , participants watched images of ingroup or outgroup members receiving either needle penetration or Q-tip stimulation to the face. In this study, there was no moral component involved and as such the results were more related to emotional responsiveness. In our study, however, we used the term moral sensitivity because it was clear from the stimuli that the harm was caused to the victim in a malicious and intentional way (see for example Fig. 1) . Also from the manipulation check measures, it was clear that participants thought the perpetrator was mean and that they wanted to punish him or her.
The left OFC showed significantly more activation in the intentional harm versus control condition at the whole-brain level. However, the same region did not show more activation for the ingroup victim or a significant interaction at the whole-brain level. There was, however, a significant interaction effect in ROI analysis focused on the left OFC, such that in line with the behavioral results, ingroup victims (compared with outgroup victims) suffering caused more activation in this region, but only when the perpetrator was from the outgroup (Fig. 5 ). More interestingly, there were strong significant results at the wholebrain level in the same region when we took inter-individual differences in moral sensitivity into account (Fig. 4) . This is not surprising given that not all participants would have been influenced to the same degree by the group membership of the perpetrator and victim. In our study, the outgroup member was a neighboring university student, and these outgroup members were probably not disliked by everyone. As such, previous review papers have highlighted the importance at looking at inter-individual difference in empathy-related measures (Hein and Singer 2008) . We expect that in more extreme ingroup versus outgroup situations such as for example between avid rival sporting teams (Hein et al. 2010; Cikara, Botvinick et al. 2011) , where the outgroup is typically more disliked, the ingroup bias would be more similar across participants.
Overall, our results support the growing body of evidence that group membership influences a wide range of psychological and neural mechanisms across various modalities (e.g., face perception, action, emotions, etc.) which in turn can result in ingroup bias (Amodio 2008; Batson and Ahmad 2009; Ito and Bartholow 2009; Kubota et al. 2012; Derks et al. 2013; Eres and Molenberghs 2013; Molenberghs 2013; Molenberghs et al. 2013; Cikara and Van Bavel 2014) . We demonstrate that group members are vigilant to ingroup bias: intentional harmdoing by an outgroup member to an ingroup victim evokes increased reactivity, compared with harm-doing by ingroup members. Moreover, the special sensitivity to ingroup members' suffering, compared with outgroup members', may be eliminated when the suffering is intentionally caused by ingroup transgressors. A better understanding of these underlying mechanisms is important and will lead to new insights into complex social problems such as violence between groups, racism, ingroup bias, and war.
To conclude, our data show that people have an increased sensitivity for outgroup threats toward the ingroup. These data provide novel insights into the existing literature on this topic by showing the importance of transgressor group membership and specifically that increased sensitivity for the suffering of an ingroup victim (Xu et al. 2009; Hein et al. 2010 ) is not absolute but is influenced by the group membership of the perpetrator. 
